Abstract. The theoretical studies on the relationship between the structure and properties of polymeric nano-composite (PNC) were reviewed in this paper. Some mechanical properties of the PNC by calculation and simulation technology in recent years were also analyzed. The theoretical study results showed the efficiency and accuracy of the simulation technology about the relationship between the structure and the performance of the PNC. It has been proved that the calculation simulation technology play an important role in prediction and verification for the synthesis and application of the PNC. As the simulation technology can predict the structure and properties, the PNC with excellent performances may be designed and prepared in a short time and high efficiency.
Introduction
Polymeric nano-composite (PNC) is a kind of multiphase materials with interfaces [1] . The PNC are usually made of a polymer and inorganic nano-fillers materials (metal, ceramic, fiber, etc). The biggest advantage of the PNC is that they can obtain the advantage of various materials, such as high strength, light weight, high temperature resistance, corrosion resistance, insulation, and other properties. We can also choose the suitable polymer materials and other materials with some special properties to make the composite materials to meet actual demands [2] . Therefore, it is significant to investigate the relationship between structure and properties of the PNC.
General Instructions
The PNC are composed of polymer, nano-fillers materials and the interface between them. Polymer is the carrier of nano-fillers, and the mechanical, electrical and thermodynamic properties of PNC can be improved observably by the introduction of nano-fillers. The nano-fillers also has some functions properties, such as electricity [3] , magnetism [4] , piezoelectric [5] , ferroelectric [6] , low dielectric [7] , and the PNC could possess both the advantages of the matrix and the fillers. The interfaces are the small areas between the polymer and the nano-fillers, which have important effect on the performance of the PNC [8] . Therefore, in order to ensure the perfect performance of the PNC, the interfaces in the PNC should be stable and firm.
Due to the functional diversification of the PNC, the research on the interface has been gradually developed to a multidisciplinary crossing field. Researchers with different academic background have different research orientation on interface structures. Engineers pay attention to the research of practical application, and they are good at finding or producing materials with excellent performances [9] . And the researchers with mathematical background are keen to establish a series of finite element mathematical model to analysis practical problems in the view of qualitative and quantitative [10, 11] . Chemical researchers investigate the interfacial structures from a microscopic perspective and they usually try to modify the interfacial structures with different chemical bonds [12, 13] . Physics researchers devote themselves to finding effective characterization methods and instruments according to the basic theory [14] .
In recent years, the research on the interfacial structure of the PNC is more and more deeply. However, in the preparation and testing process, it is difficult for us to compare the reported data because of the various constraints (temperature, pressure, state of aggregation and other factors). At the same time, it is difficult to prepare the ideal interfacial structures in the experiments due to the complexity of the interfacial structures. With the development of computer technology, simulation technology has been developed rapidly. In the research of materials, molecular simulation technology has been an effective method. By using theoretical calculation, the influence of each parameter for material characteristics can be predicted. Molecular simulation technology can simulate the environment which is difficult to be realized or cannot be realized in the lab [15, 16, 17] . Therefore theoretical calculation is an important method to investigate the performance of the PNC with different conditions.
Relationship between Interface Structure and Performance
The interfaces in the composites, which exist in between the polymer and the nano-fillers (as shown in Fig 1) , are an important region for the stress transfer and functional loading of the PNC [18] . From the view of the evaluation on the performance of materials, it is well known that the enhancement efficiency of the nano-fillers increases with the increase of the interfacial stability. But two main factors limit the enhancement efficiency of nano-fillers [19, 20] . On one hand, the specific surface area of the nano-fillers increases with the decrease of the size so that the aggregation possibility of nano-fillers augments. In the polymer, the dispersion of the nano-fillers is poor and the aggregation destroys the overall uniformity of the PNC. When the PNC are affected by the external force (such as heat, electricity), the aggregation regions will be not consistent with the overall response of the PNC, which could destroy the superior performance of the materials and may be the first place to be destroyed. One the other hand, the interfacial interactions between the nano-fillers and the polymer are related to the stability of the composite material. The weaker the interface interaction is, the higher possibility the materials fail. Therefore, in order to improve the dispersion of nano-fillers in the polymer, the stability of the composite material are the problems that cannot be ignored. The thermodynamic properties and mechanical properties of Polyimide (PI)/ Cu nano-composites was reported by Wang Xuan et al. [21] with molecular dynamics simulation method. They found that the PI/Cu composites were isotropic amorphous structure, and Van der Waals force was the main reason why the nano-Cu and PI were combined together with makes the composite more stable. The structure, elastic modulus and the interfacial interaction of PI/KTN composites was studied by Lin et Advances in Engineering, volume 100 al. [22] by molecular dynamics simulation. The results showed that the KTN particles and the PI were united with Van der Waals force and the hydrogen bonds. The smaller the KTN size was, the larger the number of atoms on the surface of the KTN was. What's more the smaller KTN size can make the PI/KTN interfacial interaction stronger and the PI/KTN Young modulus higher. They also found that doping smaller size nano-KTN was an effective way to improve the mechanical properties of PI. 
Interface Structure Type
According to the interfaces of nano-fillers in the polymer, there are three types, the mechanical interlocking structure, the immersion structure and the chemical bonding structure.
Mechanical Interlocking Structure
Mechanical interlocking structure is one of the most basic and traditional theory methods. The method emphasizes that the surface of the two phases can be anchored to form a mechanical interlock structure under the appropriate conditions [23] . For example, nano-SiO2 can be directly dispersed in the polymer by blending at some temperature [24] . As inorganic nano-fillers are unstable systems, the effects of fluid mechanics and surface physical chemistry can make the aggregations dispersed and stabilized again in the blending process. However, phase separation phenomenon will happen if the concentration of nano-fillers is too high.
The adhesion behavior of the interface between polyethylene (PE) and glass fiber (GF) studied by Gao et al. [25] with molecular simulation method. They found that the total energy of PE/GF decreased and the PE/GF system was more stable when the GF were added into PE. The main reason of adhesion behavior was the van der Waals and electrostatic force, as shown in Table 1 . When a large number of GF were added into PE, there was a remarkable influence on the adhesion behavior between PE and GF due to exclusion of non-bonded atoms increased in the PE/GF system. 
Immersion Structure
The immersion theory was presented by Zisman in 1963 [26] . The immersion theory emphasizes that nano-fillers and polymer can achieve compatibility if the surface between nano-fillers and polymer has the similar surface polarity and free energy. In general, the surface modification for nano-fillers (grafting or other chemical modification) is an effective way to realize the compatibility of nano-fillers and polymer.
The model of carbon nanotube (CNT)was studied by Zheng et al. [27] which were modified carboxyl, amide, phenyl and other groups by molecular dynamics simulation, as shown in Fig.3 and Fig.4 . When a small amount of functional groups was modified on the CNT, the shear strength of the pullout process was analyzed. The results showed that the shear strength of the modified CNTs were higher than that of the unmodified CNT. Among the modified functional groups, the CNT with phenyl owned the biggest pullout force, whose shear stress was about 17 times than that of unmodified CNT. 
Chemical Bonding Structure
Chemical bond structure is an efficient and stable combination of interfaces, and some chemical bond structure types are shown in Table 2 . To form chemical bonds, the key point of chemical bond structure is that the two phase components of the interface should contain functional groups which can react with each other. Chemical bond structure can also be formed on the interface because some coupling agents are introduced in the composites.
Yang et al. [28] set a series models of different sizes SiO2 in PI to enhance the interfacial loading efficiency and discussed properties of the PI/SiO2 models where the oxygen atoms on the surface of the nano-SiO2 and PI were bonded, as shown in Fig.5 . They also analyzed the Young modulus, shear modulus, interaction energy and self-diffusion coefficient of the PI/SiO2 models. They found that Young modulus and shear modulus were significantly increased than that of non-bonded PI/SiO2 models. The smaller SiO2 size was, the more significant mechanical properties of PI/SiO2 were. The load transfer mechanism of PE/CNT under compressive loading by molecular dynamics was investigated by Namilae et al. [29] , as shown in Fig. 6 . The results showed that when the interface of the PE and CNT did not form any chemical bonds, the critical crushing load of PE/CNT was bigger than that of the PE. The critical crushing load of PE/CNT was significantly improved when the interface of the PE and CNT did not form some chemical bonds. 
Expectation
In recent years, there have been many research achievements on the interface of the PNC by the simulation method. The simulation technology can help us deeply understand the performance of the PNC. With the improvement of the new material and functional requirements, the simulation technology has gradually become an important way to investigate the relationship between interface structure and properties of the PNC, which have the profound significance for preparing composite materials.
